Preliminary experience with heterologous transplantation of human glial tumors to rats using an easily assembled diffusion chamber is detailed. The method allows for short-term (1 to 2 weeks) survival of human neoplasms in isolation from the host tissues, with maintenance of the original tumor architecture.
D
IFFUSION chambers have been used in transplantation biology since Algire, et al., 1 realized in 1954 that a porous filter of appropriate specifications would allow the passage of metabolites essential for the survival of implanted tissue, but would restrict the passage of cells from the host and from the graft. The advantage of this technique in both homo-and heterotransplantation is that vascularization of the explant by the host and, consequently, cellmediated immunological reaction by the recipient tissue are avoided. Recently, diffusion chambers have been used for the heterotransplantation of human cancers to rats and hamsters, and a high percentage of implants from gastric, mammary, pulmonary, and ovarian tumors have successfully been maintained by this technique? To our knowledge, nervous system tumors have not previously been isolated in this manner.
A simplified diffusion chamber design was reported in 1969 by Bartlett and Prehn 2 using pre-cut adhesive tape forms for skeletal support, thus obviating much of the cumbersome task of chamber assembly. This report details our preliminary experience with these chambers, with the main emphasis on a number of human glial tumors heterologously transplanted to rats, but also including trials with neoplastic tissue from other sources.
Materials and Methods
The human tumor tissue used in this study was obtained directly from the operating room, where sterile pieces of tumor were placed directly into either Hanks' IX balanced salt solution or complete nutrient tissue culture medium& Viability of the original tumor was preliminarily confirmed by fr(,zen section examination.
The animal tumor tissue in this study came from two sources. One was a malignant trigeminal nerve-sheath rat tumor obtained in this laboratory following transplacental tumor induction performed in the mother at the fifteenth day of pregnancy by means of ethyl_nitrosourea.7 9 The other was a pellet of C6 glioma cells originally derived from a methyl-nitrosourea-induced rat astrocytoma and maintained in monolayer cultures? -4 Larger pieces of the tissues were rapidly minced into small fragments approximately 1.0 mm 3 in size. The small fragments were stored in nutrient medium until their incorporation into a chamber, which was accomplished in all cases within 1 to 2 hours after receiving the tumor. The tissue remaining after explantation was fixed in 10% buffered formalin and processed for light microscopic examination.
Pre-cut adhesive tape forms in the shape of a tear-drop, 22 mm in width, 42 mm in length, with a central hole measuring 8 mm in diameter, and affixed to an easy release lining paper provided the skeletal support and sealing for the diffusion chambers. into 12 mm diameter discs and autoclaved before use. For each chamber a filter disc was placed across the central hole on the adhesive side of each of two tape forms. One or two pieces of tumor tissue explant were placed on one filter disc with the tumor positioned on that part of the disc overlying the central hole. The second tape form with the adherent filter disc was then superimposed over the first, and a tight adhesive seal was obtained by rubbing the tape surfaces with a smooth glass rod (Fig. 1) . The entire assembled chamber was returned to nutrient medium until the time of implantation, which followed almost immediately.
Adult Sprague-Dawley or Fisher rats of both sexes were used as recipients for the chambers. The rats were anesthetized with intraperitoneal Diabutal, and chambers were surgically placed in the subcutaneous tissues of the flanks and within the intraperitoneal cavity. Each rat carried between two and eight tissue explants, depending on the number of explants per chamber (one or two) and on the total number of chambers inserted (two to four). Following placement of the chambers the rats were returned to standard animal care conditions and observed daily.
The chambers were removed at time intervals ranging from 5 to 35 days after implantation; all chambers were removed from a given rat at the same time. Each rat was autopsied for evidence of tumor outside the chambers. The Millipore filters, with their grossly visible tumor explants, were cut from the adhesive backing around the central hole; they were maintained as a "sandwich" and placed in 10% buffered formalin for a minimum of 24 hours. After fixation, the filters and tumor explants were embedded in paraffin and serially sectioned at 5 u intervals. Sections were stained with hematoxylin and eosin and, when indicated, with Gordon-Sweets' silver method for reticulin, or Mallory's phosphotungstic acid hematoxylin.
Results

General Results
The chambers were well tolerated by the host animals; there was no gross evidence of adjacent tissue inflammation. When a subcutaneous chamber was not entirely flat, a small amount of sero-sanguinous fluid collected around it. Microscopically, a thin layer of host fibroblasts were found to line the outer surfaces of the filter (Fig. 2 upper right) , but there were no inflammatory cells. The intraperitoneal chambers did not become attached to the host tissues except in one instance in which the chamber was found to be extensively wrapped in mesentery so as to form a large abdominal seroma. When more than one chamber was placed in the peritoneal cavity, the two chambers invariably became apposed to each other. Some explants remained viable under such circumstances, but better survival was obtained with single chamber implantation. No infection was associated with any of the chambers, and the surgical incisions remained intact. No rat showed evidence of tumor outside the chambers.
All but one of the chambers assembled with a Millipore filter of 125 to 150 um in thickness remained unbroken and intact until the time of removal. However, the thinner (25 #m) Millipore filters broke quite readily, and eight chambers were disrupted prior to removal in the two cases where they were used (Trials IM-4 and IM-5). None of these chambers is included in the tabulation of results.
Results of the first 12 trials are presented in Table I . All of the 12 tissues had a number of explants that demonstrated cell viability for at least 6 days, and four of the 12 had explants that remained viable for 20 or more days. In most cases, satisfactory survival of viable explants could not be obtained beyond 7 to 14 days.
The percentage of viable explants in relation to the total number of explants is also shown in Table I , and ranges from 30% to 100%. If one excludes all explants that were carried beyond the last date of cellular viability for each particular tumor, then the percentage of successful viable explants markedly increases, with approximately 75% of all explants being successfully maintained within their period of cellular viability.
While a high proportion of explants could therefore be maintained for a limited period of time in this system, evidence of further growth was inconstant. Occasional mitotic figures were seen (Fig. 2 lower left) . An increase in the size of the explants was observed in the experimental malignant rat Schwannoma and in the C6 rat glioma cell pellet; in the remainder, the size appeared unchanged.
Microscopically, the viable tumor explants tended to maintain the histological and cytological features of the original tissue (Figs. 2, 4 , and 5). Fibroblastic proliferation was not a feature. Occasional focal cellular necrosis was seen. Progressive hyalinization was more frequent in the nonviable explants. None of the tumors invaded the filter disc.
Specifi c Results
Human Glial Tumors. Four glioblastomas, two cerebral astrocytomas, and one oligodendroglioma were cultured; as expected, the glioblastomas maintained the greatest viability, the astrocytomas the least. In the glioblastomas, two changes were observed after 13 days, that is, increased production of glial fibrils and fibrous hyaline degeneration with obliteration of the blood vessel walls (Fig. 2 lower right) . Both changes have been noted in this laboratory with human glioblastomas and astrocytomas maintained in organ culture systems. 1~,13 Vascular endothelial proliferation (pseudopalisading) characteristic of glioblastomas in vivo was not seen. Explants in the later stages showed progressive degeneration, which consisted of reduced cellularity, enlargement, rounding of the cell margins and vacuole formation in the residual cells, and thickening of the cell processes and fibrils, which gave the tinctorial reaction of hyaline.
Human Nonglial Tumors. A syncytial meningioma, a breast carcinoma, and a squamous cell carcinoma of the lung are representative of this group, in which viability was maintained for 23, 12, and 14 days respectively. Histological and cytological morphology was well maintained in the explanted tissue, as shown in Fig. 3 . Animal Nervous System Tumors. The ratderived C6 glioma cells obtained from monolayer cultures grew luxuriantly (Fig. 4) as did an ethyl-nitrosourea-induced malignant nerve sheath tumor in the rat. Microscopically, the explanted material retained the morphological characteristics of the original tumor (Fig. 5) .
Discussion
Short-term maintenance of heterologous and homologous neoplastic tissue is readily obtained by this relatively simple diffusion chamber method. As in the more conventional forms of tissue culture and tumor transplantation, success is best achieved with the more malignant tumors. The major disadvantages of this system are the inability to monitor visually the growth of the implanted tissue and the failure to maintain consistent survival of the explants beyond 1 to 2 weeks.
Bartlett and Prehn 2 demonstrated the effectiveness of the adhesive seal of the tape chamber in preventing both the escape of neoplastic cells and the entry of host cells. Advantages of the system lie in the elimination of the need to "condition" the recipient animal with corticosteroids, immunosuppressive drugs, radiation or thymectomy; 11,14,15 and in the elimination of cellmediated immunological reactions by the host, which are known to exist in the more conventional heterologous transplantation systems of the guinea pig brain s and the anterior chamber of the eye? ~ While it is possible that antigenically active substances may pass through the Millipore filter, the diffusion chamber prevents the important cell-mediated immunological phenomena by avoiding the immediate contact between the transplanted tumor and the immunologically competent cells of the host. Thus, the growth and behavior of the transplanted tissue are independent of the above factors.
Other diffusion chambers have been used successfully for in vivo heterologous tumor transplantation I,~ but the design and assembly of the chambers have been cumbersome and time-consuming. The glue used has proved to be potentially toxic to cells. The present chamber eliminates glue and allows rapid assembly, therefore decreasing the transit time of the tumor fragments from patient to animal or animal to animal; the chamber is a flat, flexible object that is easy to insert and recover; its flexibility allows it to conform to the shape of the animal. Thus it maintains intimate contact with the animal tissues and does not restrict normal activity.
In conclusion, this experimental model provides a simple technique for the shortterm maintenance of human tumor explants in heterologous host animals. By maintaining strict separation of the tissues and providing a physiological milieu for nutrition, the diffusion chamber allows for the study of tissues in isolation from many of the factors present in conventional culture systems that may influence the growth and differentiation of neoplastic cells.
